Background: The primary aim of treatment of a patient who has developed metastatic disease is palliation. The objectives of the current study are to describe and quantify the clinical management of women with metastatic breast cancer from the diagnosis of metastatic disease until death and to analyze differences between age groups.
Background
In most western countries the life-time breast cancer risk is around 10%. About 20-40% of these patients will ultimately develop metastatic disease and 4-10% of patients will present with metastatic breast cancer (MBC) at diagnosis [1] . Once metastases are detected, the median survival time is about 24 months, with a range from several months to many years, depending on the site of the metastasis as well as the number of metastatic sites [2] [3] [4] [5] . The primary aim of the treatment of a patient who has developed metastatic disease is palliation.
The aims of the current study are to describe and quantify the clinical management of women with metastatic breast cancer, from the time of clinical diagnosis of distant disease until death, and to analyze the response to treatment and overall survival. To determine how clinical management and outcome vary with age, the analyses were performed according to specific age groups.
Methods

Data collection
Patients were retrieved from the population-based Eindhoven Cancer Registry (ECR). Since 1989, the ECR has recorded follow-up information on all patients with breast cancer, including the date and site of loco-regional and distant metastasis and the date of death. Information on date of death was obtained from the municipal registries in the area of the Eindhoven Cancer Registry and the Central Bureau for Genealogy. The latter is an institution that collects data on all deceased Dutch citizens via the municipal registries. In this way, information on patients who had moved outside the registry area was also obtained. Patients who died outside the Netherlands were wrongly listed as 'alive'. However, the estimated proportion of these patients was less then 0.3%. All 281 patients with a history of breast cancer who died after December 31, 1999 and had been treated at the Catharina Hospital in Eindhoven or the Máxima Medical Center in Veldhoven were selected for the study. These hospitals are both non-academic, teaching hospitals. According to the data of the ECR, 133 of these 281 patients developed distant metastases, including 11 patients with metastatic disease at the time of diagnosis of the primary tumor. It was assumed that the remaining 148 patients did not die from breast cancer; their mean age at death was 77 years. Five of the 133 patients with metastatic disease had to be excluded, because their medical records could not be traced. Another 12 patients were excluded because their metastases appeared to be related to another primary tumor or were redefined as a locoregional recurrence after review of their medical records. Thus, 116 patients remained available for the study. For each of these 116 patients, detailed information was collected on the site(s) of metastases, diagnostic procedures, treatment, hospitalization and clinical follow-up, starting from the time of diagnosis of distant disease. The first site of metastatic disease and all subsequent sites were recorded separately. For patients receiving systemic treatment, the type of drug and the reason for any postponement or dose reduction were recorded. Response to systemic treatment was measured clinically, biochemically or by radiological imaging. Assessment of treatment response was limited by the retrospective nature of the study. Thus, when evaluating the response to a new endocrine treatment or a new course of chemotherapy, patients with stable disease or partial or complete remission were taken together as one group and considered as responders. In all other cases patients were considered to have progressive disease. According to the information in the medical records, the response to radiotherapy was judged to be positive if the patient reported fewer complaints and negative if the severity of the complaints had not changed or increased. Data on the primary tumor and primary therapies were available from the database of the ECR.
Our study was based on a review of clinical charts only and hence needed no approval from our local ethics committee.
Statistical analysis
The date of first evidence of metastatic disease was defined as the date of diagnosis. The metastasis-free interval was defined as the interval between the date of diagnosis of the primary tumor and the date of diagnosis of metastastic disease, excluding the patients with metastatic disease at the time of diagnosis of the primary tumor.
To study age-related differences in treatment, response to treatment and survival patients were divided into three age groups: <50 years (n = 34), 50-69 years (n = 62) and 70+ years (n = 20), using the age at initial diagnosis of breast cancer.
The frequency distributions of the different variables between the three age groups were compared by means of the likelihood ratio Chi-square test or, when expected counts were less than five, Fisher's Exact test. The Kruskal Wallis test was used to compare continuous variables between the three age groups. The interval from diagnosis of the primary tumor until diagnosis of metastatic disease and the interval from diagnosis of metastatic disease until death found for the three age groups were compared by the logrank test. The significance level was set at 0.05 for all analyses.
Results
Patient and disease characteristics
Patient and disease characteristics are presented in Table  1 . Of all 116 patients included in our study, 10 (9%) (Figure) . No significant differences were observed between age groups as far as the size of the primary tumor, axillary nodal status and the proportion of patients with metastatic disease at the time of diagnosis of the primary tumor were concerned. Also the proportion of patients undergoing surgery, radiotherapy or systemic treatment as part of their primary treatment did not differ between the three age groups.
Among the patients without metastatic disease at diagnosis, the length of the metastasis-free interval tended to be longer for patients 50-69 years than for younger and older patients (p = 0.07).
Disease progression and survival
Before they died, 70% of the 116 patients developed metastases in the bone, 50% in the lung and/or pleura, 50% in the abdominal viscera, 23% in the central nervous system, and 19% in the skin (Table 1) . Patients younger than 50 years were much more likely to develop metastases in the central nervous system than patients 50 years and older. The risk of developing bone or visceral metastases seemed to decrease with age (p = 0.16). The median survival after the diagnosis of metastatic disease was 12 months for patients 70 years and older and 21 months for patients younger than 70 years (p = 0.048). Table 2 shows the differences in the management of the 116 patients with metastatic breast cancer according to age group. As far as diagnostic procedures are concerned, the median numbers of laboratory tests and imaging procedures were significantly lower among patients aged 70 years and older compared to the patients younger than 70 years of age. The proportion of patients visiting a medical oncologist and the number of visits decreased with increasing age. The large majority of the patients was admitted to hospital at least once after the diagnosis of metastatic disease. The median number of admissions was 3, being somewhat higher for patients younger than 50 years than for patients 70 years and older (p = 0.06). The mean duration of admission was significantly longer for patients 50 years and older than for younger patients (p = 0.02). Progression and treatment of metastatic disease were the main reasons for hospital admission in all age groups. Other important reasons for hospital admission were the treatment of co-morbid conditions and the management of treatment-related complications. Of the 116 patients, 53 (46%) died in the hospital.
Management of metastatic breast cancer
The proportion of patients with metastatic disease receiving chemotherapy decreased with age (Table 2) , as did the number of schemes (Table 3) . Patients 20-49 and 50-69 years of age were treated mainly with combination chemotherapy (CAF, CMF or FEC), whereas patients 70 years and older were treated with (less aggressive) monotherapy, such as mitoxantrone and vinorelbine. Treatment delays occurred in about one-third of the cases, mainly due to myelosuppression. Dose reductions were relatively rare and in most cases they were a result of myelosuppression. Thirty-five of the 132 chemotherapy schemes (27%) resulted in partial remission or stabilization of the disease process. Complete remission was observed only once.
The proportion receiving hormonal treatment did not differ between the three age groups (Table 2 ). Tamoxifen and aromatase inhibitors were usually given as first or second line treatments and megestrol acetate was given to onethird of the patients, mainly as a third-line drug (Table 4) .
Thirty-eight of the 216 hormonal treatments (16%) resulted in partial remission or stabilization of the disease process.
Of the 116 patients, 79 received palliative radiotherapy. The proportion decreased with age (Table 2 ). Together, the 79 patients underwent 216 courses, of which 160 (70%) were less than 20 Gy and 176 (77%) resulted in a relief of the complaints of the patient (Table 5 ).
Discussion
The current study gives an accurate picture of the clinical management of women with metastatic breast cancer in two general hospitals in the Netherlands. The care for these patients is characterized by extensive laboratory testing and diagnostic imaging and by intensive treatment, associated with regular hospital admission. Furthermore, frequent outpatient visits to the medical oncologist, surgeon, radiation oncologist and other disciplines involved in the treatment of metastatic disease were required.
Substantial differences were observed between younger and older patients with metastatic breast cancer as far as their prognosis, the metastatic pattern and the management of their disease are concerned. As has been confirmed by other studies [2, 6, 7] , elderly patients had a worse prognosis than their younger counterparts. They also had a lower risk of developing bone, visceral and brain metastases during the course of their disease, which is in line with other studies [8] [9] [10] . One hypothesis, originating from studies among patients receiving paclitaxel and trastuzumab, is that the central nervous system is an important sanctuary site and that the higher risk of brain metastases among younger patients is associated with better systemic control of extracerebral metastases and a prolonged survival [11, 12] .
Patients aged 70 years and older were less likely to receive chemotherapy or radiotherapy and underwent fewer staging procedures. Part of this difference can be explained by their shorter survival time after diagnosis of metastases and the fact that metastases to the bone and brain occurred less frequently. A further explanation for the decrease in the number of staging procedures with increasing age is that the therapeutic consequences become less relevant, especially in the case of (serious) comorbidity, which is present in about two-thirds of the patients of 75 years and older [13] .
As was confirmed by our findings, planning therapy is not always straightforward for older patients because they are more likely to present with co-morbidity and frailty which limits the therapeutic choices [14] . Although only a few elderly patients received chemotherapy in our study, it was well-tolerated with no need for dose reductions.
Age distribution at time of diagnosis of primary tumor (PT) and at the time of diagnosis of metastatic disease (MD) (n = 116) Figure 1 Age distribution at time of diagnosis of primary tumor (PT) and at the time of diagnosis of metastatic disease (MD) (n = 116). Christman and colleagues have found that elderly women in overall good health are able to tolerate chemotherapy as well as their younger counterparts [15] . However, there is some evidence that although older patients do not differ from their younger counterparts in their acceptance of chemotherapy, they are less willing to trade survival for current quality of life [16] . For the decision on the administration of chemotherapy to elderly patients, it is important to identify the variables that influence their tolerance to this treatment. Extermann and colleagues have attempted to design a predictive risk score for elderly cancer patients, including patient-related and chemotherapyrelated variables that correlate independently with toxicity [17] . Although the results of their pilot study should be interpreted with care, diastolic blood pressure and bone marrow invasion were found to be associated with toxicity, in addition to the known toxicity of the different chemotherapeutic regimens. As for adjuvant chemotherapy, a comprehensive geriatric assessment may be a useful tool to predict the risk of toxicity and/or the efficacy of systemic treatment for elderly patients [18] .
Our study has several limitations. First, when considering the results it should be realized that the number of patients was small and that the large number of tests for possible associations carries the added risk that apparently significant differences will occur by chance alone. Second, our study is based on patients treated in two nonacademic, teaching hospitals and it is not sure that comparable results would have been obtained for patients treated in an academic centers or in smaller non-teaching hospitals. And third, the lack of information on hormone receptor status is limiting the reconstruction of the decision-making process on the use of endocrine treatment. It was not the aim of our study to quantify the costs associated with the treatment of patients with metastatic breast cancer. In a Canadian study of 75 patients the mean total health care costs during the interval from diagnosis of first recurrence or metastasis until death were estimated at 36,474 Canadian Dollars in 1995 (25,686 Euros), including homecare. Inpatients costs accounted for more than 50% of the total costs in all age groups [19] . Another study demonstrated the dependency of the costs on the duration and the site of metastatic involvement [20] . In 1988, Holli and Hakama questioned the cost-effectiveness of the treatment of metastatic breast cancer and suggested that resources for diagnostic investigations and treatment of this group could better be used to improve quality of life and to conserve resources [21] . This opinion was based on their observation that response is generally poor and only rarely translates into detectable survival advantages. However, for metastatic breast cancer, treatment can be recommended even in the absence of survival improvement, if it contributes to symptom control and, consequently, the quality of life. Cost-utility analyses are recommended to solve this issue [22] . At the same time, a greater effort is needed to develop reliable predictors of response to treatment for individual patients with metastatic breast cancer in an effort to improve quality of life and manage costs [23] .
Conclusion
The treatment of patients with metastatic breast cancer is changing rapidly and it is very likely that the agents used in our study no longer represent current treatment. For example, taxanes have rapidly become first-line therapy and many new drugs, such as trastuzumab, have become available; furthermore multiple agent therapy has been given a more prominent place [24] . Although the agents have altered, it is not likely that changes have taken place in the considerations to start second or third line chemotherapy or endocrine treatment, and therefore the results of the current retrospective study may serve as a reference for the implementation and monitoring of new diagnostic and therapeutic interventions and their cost-effectiveness. However, more research is needed to understand the agerelated differences in the treatment of metastatic breast cancer, and especially how co-morbidity and frailty limit therapeutic choices. It should be realized that despite the broadening of the therapeutic spectrum, quality of life 
